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Many questions exist regarding the surgical optimization of endoscopic surgical technique. Given these concerns, we hypothesized that an endoscopic removal of ICH could be safely performed in a multicenter study with adherence to the structured surgical protocol in the acute period after ICH. The main outcome of the study is surgical safety (ie, mortality and recurrent bleeding). Secondary outcomes included surgical variability measures: total percentage hematoma evacuated by the surgeon, timing of surgery, and global compliance with the a priori surgical protocol. Exploratory outcomes for purposes of future planning included neurological outcome as measured by the modified Rankin outcome score at 180 and 365 days.
Methods
This was a multicenter, randomized controlled trial that was approved by the University of California, Los Angeles (UCLA), Institutional Review Board and the local Institutional Review Boards at each participating institution. The eligibility criteria are shown in Table  I in the online-only Data Supplement. The detailed methods are in the online-only Data Supplement. After obtaining informed consent form signatures, eligible patients with a stable ICH volume of >20 mL were randomized 3:1 to endoscopic surgery or standard medical management and were managed per the protocol and within local institutional guidelines. Subjects randomized to endoscopic surgery underwent the procedure within 48 hours of the time of the computed tomography (CT) scan diagnosing the hemorrhage. Both medical and surgical patients received similar standard of care as outlined in a structured guideline for treatment identical in both the MISTIE (Minimally Invasive Surgery and r-tPA for ICH Evacuation) and ICES studies (Intraoperative Stereotactic CT-Guided Endoscopic Surgery). A standardized imaging assessment was used in each subject to determine the presence/absence of a vascular malformation, stability of the hemorrhage volume, and stereotactic volumetric assessment of the hemorrhage. CT imaging was performed on admission, 6 hours after the initial CT, preoperatively, postoperatively, and then daily ≤7 days. Neurological assessments were performed using the modified Rankin Scale (mRS) at 30, 90, 180, 270, and 365 days after hemorrhage onset.
Imaging, Screening, and Stability Protocol
Patients were identified on admission to the emergency room at participating centers using structured inclusion/exclusion criteria and underwent a diagnostic brain CT scan on admission. Six or more hours later, a stability CT was done 6 hours later to ensure that the ICH clot was not expanding, as defined by no increase in clot size >5 mL, using the ABC/2 method between 2 sequential scans. A volumetric stereotactic CT was obtained just before surgery and used for intraoperative stereotactic guidance.
Endoscopic Surgical Protocol
Operative Procedure
All surgeons performed a stereotactic endoscopic surgery after receiving detailed training by the surgical principal investigator (NAM). Briefly, the ideal trajectory, which bisected is parallel to the long axis of the hematoma, was selected using the image guidance probe positioned over the candidate entry point. One of three preapproved approaches were selected: (1) anterior frontal lobe approach, (2) posterior parietal lobe approach, (3) surface cortical approach, each of which were designed to be parallel and in the middle of the long axis of the hematoma while avoiding the internal capsule, sylvian fissure, eloquent white matter tracts, and ventricles ( Figure I in the onlineonly Data Supplement). The approach was preplanned and agreed to by the surgical center (SC) principal investigators before surgery. After a standard burr hole opening, the endoscope sheath (Storz, El Segundo, CA) with obturator in place was connected to the Mitaka/ Storz hydraulic fixation arm (Storz, El Segundo, CA; see Table II in the online-only Data Supplement), and the endoscope was introduced into the cortex manually after releasing the hydraulic brake. The endoscope sheath was introduced to a point approximately two thirds of the way to the distal margin of the hematoma parallel to the long axis of the hematoma. For the typical ovoid hemorrhage, the tip of the sheath is placed two thirds of the way along the long axis of the hematoma (point no 1). The hematoma was removed by a technique using irrigation and aspiration. Once hemostasis was obtained, the Mitaka arm was released and the endoscope sheath backed out to a point approximately one third of the way into the hematoma cavity (point no 2), and the aspiration and irrigation technique was repeated until 75% to 80% of the hematoma volume was removed. The endoscope was introduced to observe the volume of irrigation to be sure that there was no sign of any ongoing streams of blood coming from any vessels, which might require coagulation. The dura and skin were closed in a routine manner. An immediate postoperative CT scan was obtained.
Scoring Surgical Protocol Compliance
Each surgery was documented using a structured report form and a standard-of-care operative note. Adjudication of the surgery by the SC principal investigators included review of the structure report form, the operative note, and postoperative CT image to determine if the planned trajectory was used. Compliance with the surgical protocol was evaluated and scored using an ordinal scale. The variability of surgical techniques (such as suction pressure, duration of surgery, etc) was judged based on this review.
Medical Treatment Protocol
All subjects were managed using the American Heart Association recommendations for the treatment of spontaneous ICH. 14, 15 Patients randomized to receive standard medical care received CT scans and other monitoring assessments on the same schedule as those randomized to receive the ICES procedure. Mean hourly intracranial pressure (ICP) values, when monitored for clinical care, were compared between surgical and medical patients.
Follow-Up
Subjects were followed with a magnetic resonance imaging scan at day 7. Subjects were followed at regular intervals up to day 365 and assessed by a certified examiner who assessed mRS, Barthel Index, Stroke Impact Scale, Glasgow Outcome Scale, extended Glasgow Outcome Scale, National Institutes of Health Stroke Scale (clinic visit only), and repeat CT (days 30 and 180 only).
Image Analysis
To optimize accuracy and minimize investigator bias, ICH and intraventricular hemorrhage volumes were analyzed by a core laboratory using semiautomated segmentation at the threshold of 40 Hounsfield units. 16 This approach has been validated for accuracy and interrater reliability. 17 Core laboratory values were used in all analyses. Core laboratory defined location as either lobar or deep (putamen or thalamus).
Statistical Analysis
Primary and Secondary Outcomes
The aim of the endoscopic treatment was to achieve near total clot removal without procedure-related safety events that would endanger the lives of the patients beyond the risks associated with intensive medical treatment. The primary safety outcomes are the following: the 30-day rate of mortality, the 7-day rate of procedure-related mortality, the 30-day rate of bacterial brain infection, and the rate of symptomatic bleeding within the 72 hours post last dose timeframe. The primary efficacy outcome is the 180-day dichotomized mRS score 0 to 3 versus 4 to 6. Secondary efficacy outcomes are the 180-day ordinal mRS, the 365-day ordinal mRS, and the difference in clot-size reduction at the end of the treatment period for each group. All adverse and serious adverse events were reported during the acute treatment period and all serious adverse events through the end of 
Power Analysis
We powered the study based on the probability of recurrent bleeding because of surgery and based our estimates on the prior MISTIE pilot studies, which demonstrated a 14.6% bleeding rate with minimally invasive surgery for ICH. To achieve a 90% power to observe at least 1 symptomatic bleed, we estimated a sample size of 15 subjects exposed to active endoscopic for safety reasons.
Intention-to-Treat Efficacy Analysis
The secondary aim (efficacy aim) of the trial was to assess the preliminary efficacy of the ICES procedure at day 180 after hemorrhage onset. The intention-to-treat (ITT) study size was 20 subjects (14 randomized to surgical and 6 to medical management). The 4 run-in, nonrandomized, surgical subjects were training cases and not included in the ITT analyses. We a priori planned to compare the medical control subjects from the main MISTIE study (n=36) with the ICES cohort (n=6). We estimated the average benefit comparing ICES treatment versus medical control using the ITT principle, that is, using all randomized participants. Specifically, we estimated the difference between the probability of having 180-day mRS ≤3, referred to as a good outcome, under treatment versus control. This average treatment effect was estimated using a simple difference in proportions (the unadjusted estimator). We also created multivariable logistic regression models to adjust for imbalance in the covariates between groups that are predictive of outcome. The variables considered in the multivariate regression analyses, in addition to treatment, were those deemed to be predictive of 180-day mRS in the univariate analyses (P<0.10) and based on clinical considerations.
Results
The trial opened enrollment in August 2009 and closed to enrollment in April 2012 after enrolling the planned 24 subjects (4 pilot run-in subjects and 20 ITT subjects) ( Figure II in the online-only Data Supplement). The demographic and baseline characteristics of the randomized subjects are shown in Table III in the onlineonly Data Supplement. There were 17 males and 7 females enrolled, with 18 surgical and 6 medical subjects. An additional 36 medical control subjects from the MISTIE-medical were included in the ITT analyses. The ICES and MISTIE-medical subjects were similar with regards to age, National Institutes of Health Stroke Scale, Glasgow coma score, sex, hemorrhage location, hemorrhage hemisphere, initial hemorrhage volume, and admission systolic blood pressure. The ICES surgical patients had greater prevalence of deep hematomas (85.7%) with marginally more left hemisphere hematomas (57%).
Surgical Findings and Variability
A prospective assessment of surgical details was completed for each surgery using a structured case report form. These results are highlighted in Table IV 
Imaging Analysis
The mean initial hematoma volume and stability hematoma volumes were similar in the ICES surgical and medical groups Primary safety events, with thresholds for randomized medical (MISTIE II vs ICES) and ITT surgical with 95% CI. CI indicates confidence interval; CT, computed tomography; GCS, Glasgow coma score; ICES, Intraoperative Stereotactic CT-Guided Endoscopic Surgery; ICH, intracerebral hemorrhage; ITT, intention-to-treat; MISTIE II, Minimally Invasive Surgery and r-tPA for ICH Evacuation Phase II; and r-tPA, recombinant tissue-type plasminogen activator.
*Bacterial brain infection criteria included cultured organism identification in the presence of fever, relevant laboratory values, and associated clinical symptoms. †Symptomatic bleeding criteria included radiographic evidence of an increase in clot volume (>5 mL increase) associated with a decrease in the GCS motor scale score of >2 points sustained for a minimum of 8 hours or associated clinical symptoms in the opinion of the site investigator. ‡Asymptomatic brain bleeding was reported and adjudicated to include those events where clot size increase (>5 mL increase) was confirmed by the core laboratory on volumetric measurement of the CT scan by comparison to the most previous CT scan, but where no alteration of GCS was noted.
§Symptomatic or asymptomatic bleed is the total of all adjudicated bleeding events. 
ITT Efficacy Analysis
Mortality remained below the prespecified safety thresholds of 10% (procedural) and 30% (30-day), respectively, and there were no surgery-related mortalities. Table 1 demonstrates the mortality rates at each of the prespecified time points. The secondary safety end points of brain infection and surgically related bleeding were all below the prespecified safety thresholds. The serious adverse events were similar between the surgical and medical groups (Table V in the online-only Data Supplement). We performed random effects regression analyses of ICP values over time for the first 6 days post ictus among those patients with ICP monitoring data. A total of 8 medical and 7 ICES surgical patients had ICP monitoring data for these first 6 days. An eighth surgical patient had ICP monitoring data for days 7 to 10 post ictus only. These ICP data were not considered in these analyses because this was the only patient with ICP data beyond 6 days post ictus. In the random effects models, an indicator for group assigned, both linear and nonlinear, quadratic terms in time, and time-by-treatment group interaction terms were considered. Based on the regression analysis, we found no statistical difference in mean ICP values by group. Similarly, no significant time-by-treatment effects were seen in the regression models considered (Figure V in the onlineonly Data Supplement). The long-term outcome was assessed by the mRS score at 30, 90, 180, 270, and 365 days. Figure 2 and Table VI in the online-only Data Supplement demonstrate the mRS at the prespecified time points. The patients who underwent endoscopic evacuation had a higher proportion of good outcomes, as defined by mRS score 0 to 3 at 365 days as compared with medical controls (P=0.23). The unadjusted estimate of the 
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absolute benefit (ie, the difference between the probability of having 180-day mRS ≤3 under treatment versus control) is 19.2% (95% confidence interval, -10.1% to 48.4%; Table VI in the online-only Data Supplement). Figure 3 summarizes mortality in the surgical and medical groups.
Discussion
The main results of this study were the following: (1) endoscopic surgery can be safely and successfully performed at multiple sites using the SC-guided approach; (2) endoscopic surgery removes more than two thirds of the ICH volume immediately; and (3) patients treated with endoscopic surgery have a 12% greater likelihood of a good functional outcome (mRS 0-3) at 1 year as compared with medically treated patients. These results suggest that endoscopic surgery is safe to perform using the stability protocol and may be therapeutic for patients with ICH. Overall, the surgical protocol was performed well across all surgeons and at all sites using the SC-guided approach. However, there was an imbalance of experience between centers, with one center performing the majority of the operations. Despite this imbalance, performance metrics were similar between the senior surgeon and other surgeons (Table VII in the online-only Data Supplement). The majority of operations used an optimal trajectory, and in those case, more complete hematoma removal occurred, but in 6/14 cases, the trajectory was not optimal single surgery deviated with respect to lateral rotation of the endoscope to laterally explore the edges of the hematoma. Unfortunately, in that single case, recurrent bleeding into the hematoma cavity occurred presumably because of incomplete hemostasis.
We did observe variation among surgeons with respect to several techniques, including the duration of irrigation and overall duration of the surgery. It is not clear if the variations observed were associated with surgeon preference, associated with intraoperative difficulty with hemostasis, or because of other factors.
Image analysis revealed that over two thirds of the hematoma can be immediately removed with endoscopic surgery. There appeared to be minimal surgically induced damage with only clinically silent tract hematomas or brain edema in the majority of patients. This is an important finding because this suggests that minimally invasive surgery is not causing additional traumatic injury to the brain.
The clinical outcome results suggest that surgery may play a therapeutic role after ICH. Although the present study was not sufficiently powered to be definitive, the results indicate a 23.1% advantage of surgery for a good clinical outcome at 365 days.
Hemorrhage location and size, variability in surgical technique, the amount of hematoma evacuation, and timing of surgery all may influence outcome. 17 Hyperacute surgery has been associated with recurrent bleeding. 14 In the current study, we took a stability-first approach, which provided time for blood pressure control, surgical planning, supervision of the approach by the surgical center and time to complete the surgery under optimal condition. In aggregate, the data suggest that the cautious, slower approach may be adequate. However, these data beg the question of whether the stability approach can be accelerated with earlier surgery, thereby, limiting the time for secondary injury from the hematoma. The optimum extent of hematoma evacuation is presently unknown. We designed the surgical evacuation to end once 80% of the clot was evacuated. This resulted in 68% of our subjects with an 
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end-of-treatment volume <15 mL. We hypothesize that the extent of evacuation will correlate with clinical outcome and that 15 mL may be an important target. Finally, our data suggest that this type of trajectory-controlled, minimally invasive procedure is generalizable to multiple sites and surgeons. In the absence of randomized, monitored data, we are unsure about the comparability of ICES and MISTIE procedures to other types of procedures using US Food and Drug Administrationapproved devices but performed without a standard protocol or the oversight of a surgical center. New unexpected questions have been generated by our study: (1) What is the optimal duration of surgery, including the duration of irrigation to ensure hemostasis? (2) What is the optimal trajectory to avoid traversing important white matter tracts? (3) What is the true effect size of ICES type surgery, given the range of outcomes noted in this safety-oriented pilot study? (4) What is the effect of hemorrhage location and interruption of white matter tracts on outcome?
17-20 These questions may be testable in a phase II B study that tests an ideal endoscopic technique consisting of these elements: a trajectory designed to avoid major white matter connections accessing the middle of the long axis of the hematoma, minimal pressure suction with irrigation of the hematoma bed to clear the hematoma, and minimal exploration of the hematoma bed with the endoscope without lateral rotation of the endoscope sheath. The phase II study should be powered to address location heterogeneity because the effect size is likely dependent on the initial hematoma location and size. When such phase II results are combined with the expected results from MISTIE III, such a study will provide evidence to assess the effectiveness of a mechanically aggressive procedure that removes the hematoma right away (ICES) versus the gentle irrigation approach of MISITE III, which removes the hematoma by gradual thrombolysis. If effects are comparable or better, then the possible benefits of acutely performing the ICES procedure can be tested in the appropriate phase III study.
Caveats and Limitations of This Study
Although MISTIE and ICES sites were required to meet the same eligibility criteria and to follow American Heart Association treatment guidelines, it is possible that there may be differences in patient populations or clinical practice between MISTIE and ICES sites that could potentially introduce bias. Because of the sample sizes involved, statistical comparisons may not be adequately powered to detect some differences in observed patient characteristics that may relate to outcomes, and patients could also differ with respect to unmeasured factors.
Conclusions
Image-guided endoscopic evacuation of ICH seems to be safe and effectively reduces ICH volume. The long-term outcome data suggest the potential of ICES to enhance clinical outcome and possibly our clinical armamentarium for ICH, but our sample size is too small to draw meaningful conclusions.
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and Council on Cardiovascular Nursing. Guidelines for the management of spontaneous intracerebral hemorrhage: a guideline for healthcare professionals from the American Heart Association/American Stroke Association. .............................................................................................................................. 
Detailed Methods
Methods
This was a multicenter, randomized controlled trial which was approved by the UCLA Institutional Review Board (IRB) and the local IRBs at each participating institution. This study was part of the overall Minimally-Invasive Surgery plus rtPA for Intracerebral hemorrhage Evacuation (MISTIE) study 14 The surgical trajectory for each subject was discussed and confirmed with the SC PIs prior to each operation. A pilot initial run-in surgical subject was performed at each site and reviewed by the SC prior to approval for randomization at each site. A standardized imaging assessment was used in each subject to determine the presence/absence of a vascular malformation, stability of
the hemorrhage volume, and stereotactic volumetric assessment of the hemorrhage.
Computerized tomographic (CT) imaging was performed on admission, 6 hours after the initial CT, preoperatively, postoperatively, and then daily up to 7 days. Neurologic assessments were performed using the modified Rankin Scale at 30, 90, 180, 270, and 365 days after hemorrhage onset.
Imaging, screening and stability protocol Patients were identified in the emergency room at participating centers using structured inclusion/exclusion criteria and underwent a diagnostic brain CT scan on admission as part of standard of care. The effect of initial hematoma growth/instability was eliminated by use of a stability protocol involving normalized coagulation parameters, BP management, and a stability CT was done six hours later to ensure that the ICH clot was not expanding, as defined by no increase in clot size > 5 mL, using the ABC/2 method between two sequential scans. The stability scan assured 1) a stable clot volume before surgery and 2) the absence of active bleeding before performing surgery. The CT could be repeated every 6 hours until the clot was stabilized or the enrollment window (48 hr. after diagnostic CT) closed, whichever came first. A volumetric stereotactic CT was obtained just prior to surgery and used for intraoperative stereotactic guidance. At this time, the planned trajectory was shared with the trial's SC for joint review.. In addition, an MRI or CTA was required to rule out underlying pathology as the bleeding source; an angiogram was encouraged with equivocal findings on vascular pathology screening. 15 An INR of <1.4, normal aPTT, and blood pressure stability were required for the six hours immediately prior to randomization. 16,17 and immediately preoperatively.
Intraoperative
Endoscopic Surgical Protocol
Operative procedure: The planning volumetric CT scan was performed, loaded, and registered into a frameless stereotactic image guidance system (Brain Lab ® (Brainlab, Feldkirchen, Germany) or StealthStation ® , (Medtronic, Minneapolis, MD). The ideal trajectory, which is parallel to the long axis of the hematoma, was selected using the image guidance probe positioned over the candidate entry point. The virtual extension of the probe tip was employed to interrogate the candidate entry points to assess whether or not the endoscope sheath would transgress any critical functional areas. One of three pre-approved approaches were selected: (A)
anterior frontal lobe approach, (B) posterior parietal lobe approach, (C) surface cortical approach, each of which were designed to be parallel and in the middle of the long axis of the hematoma while avoid the internal capsule, sylvian fissure, eloquent white matter tracts and ventricles (Supplemental Figure I) . The approach was pre-planned and agreed to by the SC PIs before surgery. Once the appropriate entry point was identified, this area was prepped and steriley draped A 1.5-2.0 cm burr hole was made. The dura was opened, the cortical surface coagulated and incised, and the endoscope sheath (Storz, El Segundo, CA) with obturator in place was connected to the Mitaka/Storz hydraulic fixation arm (Storz, El Segundo, CA) (See Supplemental Table II ). The neuronavigational guidance "star" was then fixed to the endoscope/Mitaka complex and the endoscope was introduced into the cortex manually after releasing the hydraulic brake. The endoscope sheath was introduced parallel to the long axis of the hematoma. For the typical ovoid hemorrhage, the tip of the sheath is placed 2/3 of the way along the long axis of the hematoma (point # 1). The sheath was fixed in that location by engaging the Mitaka hydraulic brake. The obdurator was removed. Suction was fixed to the suction port of the endoscope sheath. Suction was then applied using manual thumb pressure to
Intraoperative computer guided endoscopic surgery for brain hemorrhage (ICES): a multicenter randomized controlled trial Vespa, P, et al. Supplemental Material 5 close suction circuit, and blood was drained into a graduated Lukens trap for volumetric measurement. Suction was then applied 1-3 times until no further clot was evacuated at this location. The endoscope sheath was then irrigated to be sure that there was no evidence of active bleeding. If active bleeding was detected then irrigation was connected to the sheath and irrigation continued until the bleeding stopped. If the bleeding did not stop adequately, the endoscope was introduced into the sheath, fixed in place, and the bleeding point identified endoscopically. Once the bleeding point was identified, the Storz endoscopic bipolar (Storz, El Segundo, CA) was employed to coagulate the bleeding point. Once hemostasis was obtained the Mitaka arm was released and the endoscope sheath backed out to a point approximately one-third of the way into the hematoma cavity (point # 2). The suctioning and irrigation process was repeated at point # 2. Suctioning was continued until 75-80% of the hematoma volume was removed. The endoscope was introduced to be sure there was no sign of any ongoing streams of blood coming from any vessels which might require coagulation. However, no rotational steering of the sheath, nor lateral exploration of the hematoma cavity, were permitted. The cortical surface was inspected carefully to be sure that there was no ongoing bleeding coming from the corticectomy. The dura and skin were closed in a routine manner. An immediate post-operative CT scan was obtained.
Scoring Surgical Protocol Compliance: Each surgery was documented using a structured report form and a standard of care operative note. Adjudication of the surgery by the SC PIs included review of the structure report form, the operative note, and post-operative CT image review to determine if the planned trajectory was used. Compliance with the surgical protocol all ICES subjects and 81% (n=29) of the 36 MISTIE subjects were followed through day 365, with the remainder of the MISTIE subjects completing the trial at day 180.. .
Image analysis:
To optimize accuracy and minimize investigator bias, ICH and IVH volumes were analyzed by a core laboratory utilizing semi-automated segmentation at the threshold of 40
Hounsfield units. 19 This was performed using OsiriX software (v.4.1, Pixmeo; Geneva, Switzerland) on DICOM images of each subject's stability and treatment scans. This approach
Intraoperative computer guided endoscopic surgery for brain hemorrhage (ICES): a multicenter randomized controlled trial Vespa, P, et al. Supplemental Material 7 has been validated for accuracy and inter-rater reliability. 20 Core lab values were utilized in all analyses. Core lab defined location as either lobar or deep (putamen or thalamus).
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